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it. mnmv 
Existing information on the toxicity of phosgene was reviewed and an csJimaw of the phosgene 

concentration which would have no deleterious effects on persons working regularly with the agent and on people living 
in the surrounding areas was developed in this report. A review of the literature since 1941 reveals no concentration of 
phosgene so low as not to cause pathologic changes in experimental animals. There are no data with which to correlate 
the toxicity of phosgene in man to that in laboratory animals at low concentrations, but estimates made during World 
War I are that the LCt jg for man is 3,200 mg min/cu m (2-min exposure). The measured LCtjg is 8,400 mg min/cu m for 
3 I-minute exposure in the dog and 3,450 mg min/cu m for a l-minute exposure in the mouse. So, at least in terms of 
lethality, man is about as susceptible as the mouse and twice as vulnerable as the dog. The monkey is peculiarly sensitive 
to phosgene, with a I -minute LCt jg of approximately 1,000 mg min/cu m. The threshold limit value (TLV) of phosgene 
adopted by the American Conference of Governmental Industrial Hygienists (ACCIH) for 1971 is 0.1 part per million 
(ppm) or 0,4 mg/cu m. This figure is based upon data obtained by the Chemical Warfare Service prior to 1921 that 
indicated I ppm of phosgene may be safe for prolonged exposure. After evaluating the available data, it is proposed that: 
(I) The concentration not to be exceeded during a daily 8-hour exposure of workers (healthy adults medically evaluated 
and cleared for duty) be established as 0.08 mg/cu m (0.02 ppm), and (2) The concentration not to be exceeded for the 
gjneral population be established as 0.0025 mg/cu m (0.0006 ppm). 
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DICKST 

I Msting int'ormution on the toxicily of phosccne was reviewed and an estimute of (he 
pliosgene eoncentration whieh would have no deleterious elTects on persons working regularly with 
the agent and on people living in the siirrouiulint! ureas was developed in this report, 

A review of the literature since I'M I reveals no coneentration of phosgene so low as 
not to eause puthologie ehanges in experimental animals. There are no data with whieh to eorrelale 
the tovieity of phosgene in man to that in laboratory animals at low eoneentrations, hut estimates 
made during World War I are that the LCt^Q for man is 3.200 mg min/cu m (2-min exposure). The 
measured LCtjQ is 8.400 mg min/cu m tWa I-minute exposure in the dog and 3,450 mg min/tu m 
for a 1-minute exposure in the mouse. So. at least in terms of lethality, man is about as susceptible 
as the mouse and twice as vulnerable as the dog. The monkey is peculiarly sensitive to phosgene, 
with a I-minute LC't^g of approximately 1.000 nit, min/cu m. 

The threshold limit value (TLV) of phosgene adopted by the American Conference of 
riovernmentul Industrial Hygienists (ACGIH) for I')?! is 0.1 part per million (ppml or 0.4 mg/cu 
m. This figure is based upon data obtained by the Chemical Warfare Service prior to 1921 that 
indicated I ppm of phosgene may be safe for prolonged exposure. 

After evaluating the available dat;-. it is proposed that: 

1. The concentration not to be exceeded during a daily 8-hour exposure of 
workers (healthy adults medically evaluated and cleared for duty) be established as 0.08 mg/cu m 
(0.02 ppm). and 

2. The concentration not to be exceeded for the general population be 
established as 0.002 S mg/cu m (0.0006 ppm). 
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A STUDY Ol Till (llliNd I.I VI I Ol IMIOSdlvNI- 

I.        INTK()l)li(TI()N 

l'xistmt! inlnrimtion on UK- toxicily ol phosccnc wus reviewed and an eslimnte ol that 
phosjjene lOiKvntiMtion. wlileh will have no deliterious elTeels on iK-rsons workini; regularly wilh 
the eoiiipoinul. and on people liviiif- in the üumninding areas was developed. 

II.        BACKCROINO. 

The threshold limit value (11.V)* of phosgene adopted hy the Ameriean (nnference of 
t'lovernmenlal Industrial llypienists (A('(illl) for I1'?! is 0.1 part per mJilion (ppni),or0.4 mii/eii 
m.1 This üfMK is based i.pon data obtained by the Chemical Warfare Service prior to \l)2\ that 
indicated that I ppm of phosgene may be safe for prolonged expt.sure.** The figure is also based 
upon reeent work which has shown that concentrations as low as 0.5 ppm for 2 hours caused 
definite pathological changes in the lungs of rats sacrificed % hours postexposure (table '.).' Some 
abnormalities were considered to be present 3 months after rats had been exposed to 2 ppm for X0 
minutes. 

However, no studies done on experimental animals have demonstrated a concentration 
of phosgene so low that it caused no pathologic changes, liven exposure to 0.« mg/cu m (0.2 ppm» 
of phosgene for 5 hours per day for 5 consecutive days caused evidence of pulmonary edema in 41'- 
of the animals (goa's. eats, rabbits, guinea pigs, rats, mice: table II).3 Extensive lung lesions were 
present in 4'' of the animals. Kxpusure of the same species to I ppm (4 mg/cu m) 5 hours daily for 
5 consecutive days caused lesions in the lung that were "likely to give rise in man to serious clinical 
symptoms. W At this concentration the dose in cats even caused hcmoconccntration and 
leucocytosis. In addition, ciliary function was depressed by 1.0 ppm phosgene, while the 
lachrymators brombenzylnitrile (CA) and diphenylaminochloroarsine (PM) had no such effects, 
even at high concentrations.3 The TLV for man is I MO to 1/5 of thu. concentration known to 
produce pathological changes in animal lungs. In the absence of negative experiments and based on 
the preceding chronic studies, it is possible that 0.4 mg/cu m (0.1 ppm) may cause biological 
damage over prolonged periods of time. 

threshold limli values rrl'er to uirbornc amivnlrtiliom of suhtlani'cs and rcprcscnl londitions undvr «hidi it is believed 
thai nearly all »urkers may be repeatedly esptm-d day alter day uithnul adverse effects. As the abbreviation TLV is elosely 
associated with standards established by >he ACGIII. we have avoided its use in connccllnn with standards proposed by this 
laboratory. 

Reference« 3-7 probably were not available lo the ACCilH 

'Dncumcmaiionof the Threshold Limit Values for Subsianecs in Workroom.Air. Third Kdilion. American Conference of 
Governmental Industrial Hyftienist. Cincinnati. Ohio. 197' 

2 Gross, p.. Rinehart, W. E., and Hatch, T. Chronic Pncutnonill« Caused by Phosnene. Arch. Knvlron. Health, ill. 768-775 
(19651. 

3 Cameron, (i R., Courlicc, F, C„ I os». G. L, Short, R. H D., Odder, R. M., Bamford, R„ Burpess, . Allen. , 1 airley A.. 
Walkinston, G. L„ and Williams, L. T. D. Ministry of Defense, UK, Kuton Report 2349. I irst Report on Phosirene Rslton- 
inp. Part II. AprUI942. UNCLASSIMI I) Report. 

4 Cameron, G. R., Courtia. I. C. loss, G. U, Short. R. H. I)., Gilder. R, M.. Bamford, R., Buniess, Allen, . iairley A.. 
Watkimton, G. L., and William-., !.. T. D. Ministry of Dcfenie, UK, Votian Report 2349. lirst Rciwit on Pltosiiene Riison- 
ing, P)rt VIII. April 1942, UNCLASSIIIED Report. 

Preceding pige Mink 
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TaWe I. l'iH'iimoniiisCaiisud hy Pllusgenc in Rals 

(T ( 

ppm-' 

.... 

T 

min. 

1   Chron. 
(T (' T Chron. 

 l'pt'inn.ü/ 

ppm x limo ppm X time ppm min. 

l.< IJ 10 0 108 0.9 120 o,r 

15 1.5 10 0 120 1.0 120 ++,1' 

:4 0.8 30 + 120 1.0 120 + 

21 0.9 30 + 120 1.5 «0 + 

M 1.1 30 + 180 0.5 360 + 

M> i.: 30 + 180 0.5 360 + 

40 1.0 40 + 180 1.0 180 + 

48 0.8 
i 

60 ++ 180 1.5 120 +++,p 

48 0.8 60 +,P 192 1.2 160 ++ 

54 0.9 
| 

60 ++.P 198 I.I 180 +++ 

60 a5 ; 
120 + 210 1.0 210 ++ 

84 1.4  ! 60 +++.P 228 1.9 120 ++ 

88 1.1 80 + 240 0.5 480 ■H-.P 

90 0.5 180 + 240 0.5 480 ++ 

90 0.5 180  i ++ 240 0.5 480 +++,P 

90 0.5 180 + 240 1.0 24 ++ 

99 1.1 90 + 264 1.1 240 •H-.P 

90 1.5 60 +++ 342 1.9 180 ++.P 

96 0.8 120 +++ 360 1.0 360 +.F 
_4 

*     0, no chronic pncuinonitis; +, slight chronic pneumonitis; ++. moderate chronic pneumoni- 
tis; +++, severe chronic pneumonitis; P. acute pneumonia; F, fibrinous pneumonia. 

E/     I ppm = 4 mg/cu m 
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i;il<li II. Si-vi-iity ol I mi)! I i-vions Aller Kc|H'ilk'tl I xposmv 

lnO.^ ppin (O.K mn/cu in» IMiOHHiMU'W 

(■oats Cats Kabhils 
(iiiinea 

Kals Mice lolnl i '/< 
i      pigs 

Seven" k'sions 0 0 1     o 1 !    i (I 1 |    4 

i     Milil k'SMttS 0 0 1       1 .; i 1 d II 

\   Very >lit!lit lesions 0 1 5 (i .\ 13 28 52 

1   No lesions ■) 1 4 0 5 u IX 33    I 

l-rcuiieney ol'I'ulmonary lilema 

lilema present 0 1 5(1) 7(3) 2(1) 7(1» 22 41     1 
Idenui absent •( 1 5 3 8 13 32 59    j 

Bronehitis present 0 

iTeiiuency of Acute Bronchitis 

1 0 12 i"> 1 5 5 

Bmnehitis absent ■> 1 5 5 0 20 42 78    | 

Regeneration present 

Fn iiueney of Bronchial Regeneration 

1 II 20    1 0 0 4 5 1 

Regeneration absent ■> ^ 6 5 9 19 43 80    | 

Bronehopn.'umonia 

Frei uency of Acute Bronchopneum onia 

present 0 0 0 1 1    j 0 ^ 4    1 

Broncliopneumonia 
absent 2 -> 10        | 9      | 9 20     \ 52    | 96    i 

NOTF:    Figures in parentheses under pulmonary edema indicate number of animals showing 
fairly severe edema. 

a/    Exposed 5 hours per day for 5 consecutive days. 

. > 



Although there arc no dutu with which to correiute the toxicity of phosgene in man to 
that in laboratory animals at low concentrations, there have been estimates made by observers in 
World War I that the lCtSQ for man is 3.200 mg min/cu m (2-minute exposure; table III).5'6 The 
measured LCt^Q is 8,400 mg min/cu m foi a I-minute exposure in the dog and 3,450 mg min/cu m 
for a 1-minute exposure in the mouse. So, at least in terms of lethality, man is about as susceptible 
as the mouse and twice as vulnerable as the dog. The monkey is peculiarly sensitive to phosgene, 
with a I-minute LCtjo of approximately 1,000 mg min/cu m. 

III.     CRITICAL EXAMINATION OF DATA ON PHOSGENE 

A. Effect of Temperature on Toxicity of Phosgene. 

All data given up to this point were obtained at unspecified temperatures (presumably 
room temperature). There is an ndication that the mouse at least at high dosage levels, is more 
susceptible to phosgene when ambient temperature is either lower or higher than normal room 
temperature.5 There was a tenfold increase in the toxicity of phosgene in mice kept at 80C 
compared with those maintained at 270C. The exact interpretation of these data is questionable. 
The limits set by the ACGIH for the TLV are for room temperature, but in the development of safe 
concentrations the range of outdoor temperatures must be considered. 

Studies in dogs demonstrate no consistent changes in toxicity with changes in 
temperature and humidity (table IV).7 No d*s- are available on the effects of humidity and altitude 
on the toxicity of phosgene. 

B. Effects Related to Toxicity: Chronic Disease. 

1.      Caused by Phosgene. 

It is generally accepted that phosgene, as well as other pulmonary irritants, is 
responsible for the development of chronic lung disease in man as well as emphysema and 
obliterative bronchiolitis in dogs.8,9 There are no quantitative data available on what dosage might 

5 Medical Division Status Summaries. CWS Field Lab Memo M-S, p. 305. 1944. UNCLASSIFIED Report. 

6 Chasb, H. Phosgene. Review of the Literature on the Effect of Exposure in Man and Experimental Animals. Contract 
W-49-036-CWS-I. 1944. UNCLASSIFIED Report. 

1 Fasciculus on Chemical Warfare Medicine. Volume II. Respiratory Tract. Chapter XX. Freeman, S.. Grodins, F. S., and 
Kosman, A. J. Temperature and Humidity in (he Treatmint of ntotgene Poisoning. National Research Council. Committee on 
Treatment of Gas Casualties. I94S. UNCLASSIFIED Report. 

8 Rossli«, R.G. Physiologic Effects of Chronic Exposure to Phosgene In Dogs. Amet. J. Physlol. JOJ. 265-272 (1964). 

9 CaMston. M., Luetscher, J, A.. Loiycope, W. T., and UaUlch, N.L. A Study of the Residual Effects of Phosgene Poisoning In 
Human Subjects. II. After Chronic Exposure. J. Clin. Inves. 26, 169-181 (1947). 
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Table III. Toxicity of Phosgene 

Animal Time 

i " 

1         LCtS0           ; 

min mg min/cu m 

Mouse 1 3.4S0 

30 3,400 

j           Rat 1 6,500 

30 1,400 

1           Guinea pig 1 2,800               1 

30 2,200 

i           Monkey 1 1,000 

30 1.000 

Dog 1 8,400 

20 4,200 

|           Man 2 3,200 

Table IV. ■ Effects of Temperature on Phosgene Toxicity in the Dog 

(540 mg/cu m (135 ppm) X 20 min] 
1 
I   No. dogs Dry bulb Humidity 48 hr. deaths Mortality 

0F % %       1 
|       30 43 23 76.7      ■ 

28 52 19 67.8 

31 60 20 64.5 

1       30 70 26 86.6      | 

29 80 21 72.4 

30 80 23 76.7      i 

19 80 16 84.5      i 

i        29 80 22 75.9 

28 90 23 82.2      j 

II 

.   . ■ . 
I   ■ 



# 

cause pcrniaiKiit lung dumagc in man. However, it has boon cxpcrimcntully di-monstralcd thai 
80-UiO mg/cu in (20-40 ppm) lor 30 minutes, given to dogs every other day for I week, causes 
increases in lower airway resistance and. with continued exposure, permanent pathophysiolopic 
changes within the lung (figureI." These concentrations, however, are recognized as toxic (20 X a 
pneumonitis-producing dose, table 1). and their exact relationship to disease in man is unknown. In 
these studies lung function had not completely returned to normal 13 weeks following exposure. 
Nitrogen washou; studies (emphysematous changes) showed the greatest abnormality at week 13. 
while airway resistance had almost returned to normal by this time. Studies of this type were 
designed to obtain an experimental model of chronic emphysema. No experimental studies have 
been performed to determine the effects of chronic low dosage exposure to phosgene on pulmonary 
function tests in laboratory animals. The effects of chroni: low doses of phosgene upon the lung in 
animals or man in situations where there are no acute symptoms from phosgene are not known. 

I 
i 

Mr 

M 

70 

60 

60 

40f 

30 

20 . 

10- 

O WEEKLY MEAN VALUE 
Um NORMAL RANGE 

: I-8', 

K 

«I 
i 

..6 

• •• 

0    1    2   3    4   5   6    7   8    9   10 11 12 13 

CONTROL WEEK OF OASSING 

1     234    56789   10   11 

WEEK OF RECOVERY 

Figure.   Lower Airway Resistance During and After Chronic Rxposure of Dogs 

to 24-40 ppm Phosgene for 30 Minutes Three Times a Week 
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2.      Aggravated by Phosgene. 

No data have been generated to indicate that people with chronic respiratory diseases 
have an increased susceptibility to acute or chronic phosgene poisoning. It is assumed that people 
working around phosgene will have been prescreened and will not have, or be subject to, respiratory 
diseases (normal alphatrypsin inhibitory factor in the blood),10 Russian investigators evaluated the 
general health of people who worked with isocyanate." Among the pollutants in the factory 
atmosphere were phosgene, 0.1 ppm (0.4 mg/cu m); hexamethylene diisocyanate, 0-0.1 ppm, 
hexamethylene diamine, 0.05-0.81 ppm; chlorobenzene, 0.6-8.0 ppm; and dinyl, 0-4.6 ppm. There 
was a strong indication of abnormalities in the hearts, lungs, and livers of the workers. It is 
impossible to say how much of this was attributable 10 phosgene. 

C.      Factors Affecting Toxicity: Development of Tolerance to Phosgene. 

Guinea pigs treated with low doses of phosgene (10 mg/cu m (1.5 ppm) X 10 min I for 7 
days became relatively resistant to toxic levels (140 mg/cu m (35 ppm) X 10 min].12 Repeated 
exposure of cats to phosgene, 10-15 mg/cu m (1.5-3.8 ppm) or 20-25 mg/cu m (5-6 ppm). for 10 
minutes everyday caused no greater lung damage after 40 days than after 2 days.13 They were able 
to toleratt a total Ct of 9,000 mg min/cu m (total time, 400 min) even though the LCt JQ for cats is 
about 2,000 mg min/cu m for 1 minute. 

Theio is some evidence that 1 ppm of phosgene produces tolerance to other irritants.12 

Rats exposed for 6 hours to this concentration were capable of surviving Ct's of ozone and nitrogen 
dioxide that killed almost all rats not previously exposed to phosgene (table V).14 The exact 
mechanism of this tolerance is unknown. However, there was no increased resistance to phosgene 
itself. Tolerance to lethal doses of phosgene is felt by some to represent a manifestation of 
pathologic changes in the lungs. No information is available on the development of tolerance in 
man. 

10 Stoklnger, H.E., Mounuin. J. T., anl Scheel. L. D. Ptumu-'-ogcnetics in the Detection of the Hypetiuictptible Worker. Ann. 
N. Y. Atad. Sei. 151,968-976 (196U 

1' I ilaiova, V. S., Kurando. T. B . and Tubina, A. T, Voprosy gigieny truda i wstoianie tdorov'ia nbochich v proiivoditve 
getometUcndUiolsianaia. Gig. Tr. Prof. Zalol. U- M (1968). 

12 fordict. D., and Coidier, C. Us Inhalation! Rlplt&i de I aible» Concentrations dc Phosgene Sensibilisent-elles l'organisme i 
une Concentration Plus Forte? Compl. Rend. Soc. Biol. 117, 327-330 (1952). 

■ 3 Cntdler. D„ and Cordier, G. Toxkitldei FtiblesConcentrations de Phosg/ne en Inhalations Rlpltles. J. Phyaiol. 4S, 421-428 
(1933), 

14 Henschler, D„ and Laux, D. Zur Spezintal einet Toleramsteigerung bei wiederholter tinatmung von Lungenödem erzeugenden 
Gasen. Naunyn-Schmiedcberg's Arch. exp. Path. u.Pharmik..222.433-441 (I960). 
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IV. CONCLUSIONS. 

1. The current ACCIIll standard of 0.1 ppm may be too high lor an 8-hour work 
day. 5 days per week, at room temperature. However, no adverse effects of the TLV of 0.1 ppm 
have been reported in the Hnglish language. It is recognized that ambient concentrations of 
phosgene in mdustrial situations in the United States are considerably below the TLV. Industrial 
intoxication by phosgene has been due to accidental exposure to a high concentration. 

2. Some adjustments in the acceptable level for the general population must be 
made for a continuous 24-hour-a-day exposure, as compared to single or intermittent exposures. 
(Note: Animals tolerate intermittent better than continuous exposure to phosgene.) 

3. There is no consistent pattern of response to phosgene in animals with 
temperature variations. The CL proposed applies to all environmental temperatures. (There are no 
data on the influence of altitude or humidity.) The effects of activity, causing increased respiratory 
minute volume, may be significant but arc unknown at present. 

4. Although high doses of phosgene can cause chronic lung disease in man and 
animals, it is not known whethei low doses of phosgene will aggravate pre-existing conditions or 
cause lung disease. 

V. RECOMMENDATIONS 

A. Estimation of the Ceiling Level of Phosgene. 

Since the lowest experimental values available for chronic exposure suggest that 0.8 
mg/cu m (0.2 ppm) for 5 hours for S days may cause slight changes in the lung, it would soem that a 
value of 0.1 ppm (0.4 mg/cu m) would not give a sufficiently large margin of safety. If a tenfold 
safety margin is used, then the ceiling level (concentration not to be exceeded) for working 
personnel for an 8-hour day, 5 days per week, at sea level would be 0.08 mg/cu m (0.02 ppm). 
Because the dat? on the effects of temperature on the toxicity of phosgene are contradictory and 
because there »s no known theoretical reason for temperature to have a great effect, it is proposed 
that the cei/'ng level of 0.08 mg/cu m (0.02 ppm) be used in the range of environmental 
temperatures. In support of the suggested ceiling level of phosgene, one may propose that a Ct of 10 
ppm min (40 mg min/cu m) (table I) is safe and this application of Habers law* is valid. Then, 
considering a 480-minute day for workers, the ceiling level would be 0.08 mg/cu m (O.Oi ppm). 
This is the same figure obtained from applying a tenfold safety margin to the TLV. 

B. Special Situations. 

For a 24-hour-a-day exposure, it is proposed that the ceiling level would be lowered by 
about one-third to 0.02S mg/cu m (0.006 ppm). An additional tenfold safety margin is 
recommended for situations in which people of all ages and states of health or disease (general 
population) may be exposed 10.0025 mg/cu m (0.0006 ppm)). 

KCecl ' fonccniration X duration of c\po«urc. 
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(".     RcoipiUiliilion. 

In summnry. il is proposal th:il 

I.     The ceiling level* for n daily 8-hour exposure of workers (healthy adults rnetli- 
ally evaluated and elearet1 for duly) be established as 0.08 mg/vu m (0.02 ppin). and 

2.     The ceiling level for the peneral population   be established as 0.0025 mg/cu in 
(0.000ft ppm». 

* 
ll Is cxpcilcd ihm In Ihc event of aceidcniul dischatye of pho^cne Icadlnii lo eonccntnillom In exiles »I ihe eelllni: level fix 
any period of time, eorrcclivc action v/ill be taken before any additional pho^ene I« processed. 
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